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(54) An energy-efficient time-division radio that reduces the induction of baseband interference 



(57) A method and apparatus arc disclosed that nait- 
igate the induction of baseband interference that can 
form time-division radios {e.g., radios that radiate an RF 
signal with a time-varying power envelope). A radio 
(700) comprising an embodiment of the present inven- 
tion radiates, in transmit mode, an information-bearing 



signal. In some or all idle modes, the radio (700) radiates 
at least one energy-reducing pulse (600), but in an idle- 
mode channel. These energy-reducing pulses (600) re- 
duce the energy in the fundamental frequency compo- 
nent of the average RF power envelope of the radio and 
also reduce the energy in the harmonics of the funda- 
mental frequency. 
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Description 

Cross Reference to Related Applications 

This application is related to the following co-pend- 
ing and commonly assigned U. S. Patent Applications: 

(1) Serial No. 08/374381 (Attorney Docket "LJ. 
Greenstein 9-6-12"). (iled January 10, 1995, and 
entitled ""A Time-Division Multiple Access Radio 
That Mitigates Baseband Interference:" and 

(2) Serial No. 08/530,687 (Attorney Docket "L.J. 
Greenstein 11-7-18"). filed September 19, 1995, 
and entitled "A Time-Division Multiple Access Radio 
With Reduced Baseband Interlerence." For the pur- 
pose of this specification, the teachings of both ap- 
plications shall be called "Greenstein." 

Field of the Invention 

The present invention relates to wireless telecom- 
munications in general and. more particularly, loan en- 
ergy-efficient time-division radio that reduces the induc- 
tion of baseband interference. 

Background of the Invention 

Radios that employ "time-division technology/ and. 
therefore, radiate a signal with a periodic average power 
envelope, are suspected of inducing baseband interfer- 
ence in some electrical devices that are characterized 
by a nonlinear response to radio waves. The operative 
mechanism could be. but is not necessarily, a second- 
order non-linearity in the device, which produces an ef- 
fect similar to that of a square-law envelope detector 
The fundamental frequency component of the average 
RF power envelope, and its harmonics, may contain suf- 
ficient energy to induce the baseband interference. 

Time-division multiple access ("TDMA"), time-divi- 
sion duplex ("TDD"), and hybrid time-division multiple 
access/time-division duplex ("TD MA/TDD") are typical 
of such time-division systems As used in this specifica- 
tion, time-division technology does not include time-di- 
vision multiplexing ("TDM"), which refers to the technol- 
ogy used, for example, in a base station radio that trans- 
mits signals to multiple wireless terminals in a time- 
shared frequency-delimited channel. Unlike TDMA, 
TDD or TDM/^DD radios a TDM radios does not gen- 
erate a time varying average RF power envelope and 
thus does not induce baseband interference. 

There are several national and international stand- 
ards that proscribe the use of TDMA and thoy include: 
Global Systems for Mobile Communication ("GSM"), the 
Telecommunications. Industry Association Interirri 
Standard No. 54 ("18-54") and Japanese Digital Cellular. 
One standard that prescribes TDD is known as "CT-2." 
Two standards that prescribe TDM A/TDD include Per- 



sonal Handy Phone and Digital European Cordless Tel- 
ephone. 

IS-54 prescribes the operation of a typical TDMA 
system. According to IS-54. three radios, each in a dif- 
5 ferent wireless terminal, time-share a frequency-delim- 
ited channel for transmitting signals to a base station. 
For the purposes of this specification, that channel is 
called the "transmit-mode channel." 

Each TDMA radio cycles between "transmit mode" 
10 and "idle mode. " During a transmit mode, a TDMA radio 
modulates a carrier with an information-bearing signal 
and transmits the modulated carrier to a base station in 
the transmit-mode channel. During an idle mode, a TD- 
MA radio does not transmit anything so as to (1 ) prevent 
15 an idle radio from interfering with the appropriately radi- 
ating radio (i.e., to preclude a cacophony in the transmit- 
mode channel) and (2) conserve battery power 

Figs. 1 a and 1 b Illustrate the frequency and average 
RF power envelope, respectively, (as a function of time) 
20 of the first of three IS-54 compliant radios, in different 
wireless terminals, that time-share a single transmit- 
mode channel, designated f^. The transmit modes of the 
first radio occur during the time intervals tj^^ to tj^2 
(where n is an integer), which coincide with the idle 
25 modes of the second and third radios. The idle modes 
of the first radio occur during the time intervals 13^2 
hm'4' Although not shown in Figs, la and 1b, the trans- 
mit modes of the second radio occur during the time in- 
tervals t^^ to t^^ which coincide with the idle modes 
30 of the first radio and third radio Similarly, the transmit 
modes of the third radio occur during the time intervals 
hm-2 to tj^3. which coincide with the idle modes of the 
first radio and second radio. 

The rate at which a time-division radio cycles be- 
tween transmit mode and idle mode is referred to as the 
"frame rate." This cycling causes the average RF power 
envelope radiated by the radio to vary with time. Specif- 
ically, as illustrated in Fig. lb, an IS-54 compliant radio 
generates an average RF power envelope with a funda- 
mental frequency component that is equal to the frame 
rate. 

Figs. 2a and 2b illustrate the frequency and average 
RF power envelope, respectively, (as a function of time) 
for a typical GSM compliant radio, as contained in a typ- 
ical wireless terminal in the prior art. 

According to the GSM standard, a plurality of time- 
division radios, in different wireless terminals, time- 
share and frequency-hop among a plurality of transmit- 
mode channels, as illustrated in Fig. 2a. Therefore, it is 
likely that a single GSM compliant radio will transmit in 
several frequency-delimited transmit-mode channels 
during the course of single call. Like other time-division 
radios in the prior art, a typical GSM compliant radio 
ceases to radiate during idle mode. Thus, a GSM com- 
pliant radio also generates a time varying average RF 
power envelope that has a fundamental frequency com- 
ponent that is equal to the frame rate. 

The operation of a TDD system is similar, although 
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not identical., to a TDMA system, in a TDD system, two 
mdios time-share a frequency-delimited channel for 
communication with each other Each TDD radio peri- 
odically cycles between transmit mode and idle mode, 
and like a TDMA radio, during transmit mode modulates 
a carrier with an information-bearing signal and trans- 
mits the modulated carrier in the transnnit-mode chan- 
nel. For the same reasons as a TDMA radio, during idle 
mode a TDD radio does not transmit anything/And also 
like a TDMA radio, a TDD radio generates an average 
RF power envelope with a fundamental frequency com- 
ponent that is equal to the frame rate. 

The operation of a TDMA/TDD radio is a hybrid of 
both TDMA and TDD systems and: too. generates an 
average RF power envelope with a fundamental fre- 
quency component that is equal to the frame rate. 

Figs. 3a and 3b illustrate the frequency and average 
RF power envelope, respectively, (as a function of time) 
for an IS-54 compliant radio as described in Greenstein 
("IS-54 Greenstein radio"). For purposes of this specifi- 
cation, the term "Greenstein radio" means the genus of 
radios that comprise embodiments of the invention de- 
scribed in Greenstein, including but not limited to the IS- 
54 Greenstein radio. One IS-54 Greenstein radio trans- 
mits an information-boaring signal during transmit mode 
(e g., during the time intervals from t^^ 7 to r^^^- where 
n IS an integer), with a carrier Irequency, f^h in the trans- 
mit-mode channel. During idle mode {e.g., during the 
time intervals f^^^^to t^^^)^ the IS-54 Greenstein radio 
continues lo transmit, but with a different carrier fre- 
quency, f^^. in a different frequency-delimited channel, 
called the "idle-mode channel." 

Because there is no fluctuation in the average RF 
power envelope radiated by a Greenstein radio, it will 
not induce baseband interference. But because a 
Greenstein radio radiates continuously, it consumes 

. more power than a time-division radio in the prior art. 
For example, an IS-54 Greenstein radio typically con- 
sumes three times as-much power as an IS-54 compli- 
ant radio in the prior art. 

Typically, a radio cannot instantaneously change its 
radiating frequency Therefore, when a radio re-tunes 
while it is radiating {e.g., it switches between radiating 

, in the transmit-mode channel and radiating in the idle- 
mode channel), the radio momentarily radiates tn the 
channels in-between as it re-tunes from the old frequen- 
cy to the new. This is known as the "frequency sweep- 
ihrough" effect and it can cause interference to radios 
that are legitimately radiating in those channels. A 
Greenstein radio can exhibit the frequency sweep- 
through effect when switching between radiating in the 
idle and the transmit modes. 

Summary of the Invention 

Embodiments of the present invention can induce 
less baseband interference in electrical devices than 
time-division radios in the prior art without the costs and 



disadvantages of these other time-division radios. Spe- 
cifically embodiments of the present invention can con- 
sume less power and can avoid "frequency sweep- 
through" effects. Furthermore, embodiments ot the 

5 present invention can be compatible with existing time- 
division systems and standards and do not require mod- 
ifications to the air-interface. 

An illustrative embodiment of the present invention 
comprises a time-division radio that transmits normally 

10 during transmit mode and periodically or sporadically 
transmits during idle mode. During transmit mode, the 
time-division radio transmits a signal in one or more 
transmrt-mode channels. During some or all of the idle 
modes, the time-division radio transmits at least one sig- 

15 nal or pulse that has a duration less than the duration of 
the idle mode, but in one or more idle-mode channels 
that are designated for that purpose. 

By transmitting one or more pulses in the idle-mode 
channel, the shape and/or periodicity of the average RF 

20 power envelope can be altered and its affects abated. 
Advantageously embodiments of the present in- 
vention also provide an engineer with a degree of design 
freedom to tailor a time-division radio within the teach- 
ings of the present invention to meet specific system re- 

25 quirements. Specifically embodiments of tha present in- 
vention enable the engineer to trade-Qff power savings 
against effectiveness in mitigating the induction of base- 
band interference. 

30 Brief Description of the Drawing 

For a more complete understanding of the present 
invention, reference is now made to the accompanying 
drawings, in which like numbers indicate like features 
35 and wherein: 

Figs. 1a and lb are graphs that illustrate the fre- 
quency and average RF power envelope, respec- 
tively, (as a function of time) of a typical tS-54 com- 
40 pliant TDMA radio in the prior art: 

Figs. 2a and 2b are graphs that illustrate the fre- 
quency and average RF power envelope, respec- 
tively, (as a (unction of time) of a typical GSM com- 
pliant TDMA radto m the prior art; 
45 Figs. 3a and 3b are grdkphs that illustrate the fre- 
quency and average RF power envelope, respec- 
tively (as a function of time) for an 15-54 compliant 
TDMA radio described in Greenstein: 
Figs. 4a and 4b are graphs that illustrate the fre- 
50 quency and average RF power envelope, respec- 
tively, (as a function of time) for an embodiment of 
the present invention that is IS-54 compliant: 
Figs: 5a and 5b arc graphs that illustrate the fre- 
quency and average RF power envelope^ respec- 
ts lively, {as a function of time) for an embodiment the 
present invention that is GSM compliant; 
Fig, 6 illustrates an average RF power envelope (as 
a function of time) of an embodiment of Ihe present 
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invention; 

FIG. 7 is a block diagrann of an illustrative embodi- 
ment of the present invention; 
FIG. 8 is a grapfi that illustrates the power con- 
sumed.by embodiments of the present invention as s 
compared with interference Induced in other elec- 
tronic devices: 

Fig. 9 is a block diagram of a carrier frequency gen- 
erator for use in the radio of Fig, 7, according to the 
teachings of the present invention; 
Fig. 10 is a block diagram of another carrier fre- 
quency generator for use in the radio of Fig. 7, ac- 
cording to the teachings of the present invention; 
and 

Fig. 11 is a flow chart of the operation of a typical ^5 
embodiment of the present invention. 

Detailed Description 

Figs. 4a and 4b illustrate a typical frequency and 20 
average RF power envelope, respectively, (as a function 
of time) for an illustrative embodiment of the present in- 
vention that Is IS-54 compliant. During transmit mode 
(e.g., during the time Intervals from t^^jio tj^2' where 
n is an integer), the illustrative embodiment transmits 25 
conventionally in the transmit-mode channel, /^j. During 
all or some of the Idle modes (e.g., during the time in- 
tervals from t^n+i to f^^^)- illustrative embodiment 
transmits one or more pulses, but in the idle-mode chan- 
nel, f^2 ^ "pulse" IS an increase in the average RF power 30 
envelope over some duration. For the purposes of this 
specification, those pulses transmitted during idle mode 
are referred to as "energy-reducing" pulses because 
they can reduce the energy in the fundamental frequen- 
cy component of the average RF power envelope of the 3S 
signal. 

By radiating one or more energy-reducing pulses in 
the idle-mode channel, the shape and/or periodicity of 
the average RF power envelope can be altered and its 
affects abated. This is because the energy-reducing 40 
pulses can reduce the energy in the fundamental fre- 
quency component of the average RF power envelope 
and can also reduce the energy in the harmonics of the 
fundamental frequency. Furthermore, because the illus- 
trative embodiment of the present Invention does not ra- 45 
diate continuously radiate, it can consume less power 
than a Greenstein radio. 

An engineer who implements embodiments of the 
present invention has the freedom to design radios that 
meet a variety of baseband interference and power re- so 
quirements. as shown In Fig. 8. In Fig. 8, curve 801 rep- 
resents the battery power consumed by a time-division 
radio as plotted against tho potential baseband interfer- 
ence induced in electrical devices. Point 803 represents 
a typical time-division radio in the prior art. Additionally, 5S 
point 805 represents a typical Greenstein radio. Embod- 
iments of the present Invention can be designed that fall 
anywhere on curve 801 between points 803 and 805. It 



should be understood however that embodiments of 
the present invention that begin to. approach a Green- 
stein radio on curve 801 (i.e., point 805) can begin to 
exhibit frequency sweep-through effects. By carefully 
selecting the parameters discussed below for the ener- 
gy-reducing pulses, a design engineer controls the pow- 
er consumption by the radio and the potential for base- 
band interference with electronics devices. Embodi- 
ments of the present invention thus enable the engineer 
to trade-off power savings against mitigation effective- 
ness by choosing the parameters of the idle-mode trans- 
missions. 

Fig. 6 illustrates, In greater detail, a portion of the 
average RF power envelope of Fig. 4b. The shape of an 
energy-reducing pulse is defined by the average RF 
power envelope of the signal radiated in the idle-mode 
channel. Energy-reducing pulse 600 is characterized by 
at least three parameters; (1) duration. (2) amplitude 
and (3) occurrence. The duration of an energy-reducing 
pulse indicates for how long the radiated energy of the 
pulse is above some threshold. In embodiments of the 
present invention, the duration of energy-reducing pulse 
600 is advantageously less than the duration of a single 
idle mode (e.g.. the time from ^5^0 t^ 'in FIG. 6). Further- 
more, when more than one energy-reducing pulse is 
transmitted during an idle mode, the total duration Is also 
advantageously shorter than the idle mode. 

The amplitude of an energy-reducing pulse Indi- 
cates the energy In the pulse. Typically, the amplitude 
of an energy-reducing pulse can be greater than, less 
than, or substantially equal to the amplitude of the trans- 
mit-mode transmissions. The occurrence of energy-re- 
ducing pulse 600 indicates its position within the idle 
mode. Although the shape of the energy-reducing puls- 
es in the figures are depicted as rectangular, in practice 
they can be any shape (e.g. . triangular, trapezoidal, ap- 
proximately trapezoidal, semi-circular, mesa or butte- 
shaped). 

The number of energy-reducing pulses per idle 
mode, their duration, amplitude and occurrence may 
change periodically, sporadically or be constant. For ex- 
ample. Illustrative embodiments could radiate energy- 
reducing pulses according to a pre-programmed se- 
quence, or could adaptlvely change the number of en- 
ergy-reducing pulses per idle mode, their duration, am- 
plitude and/or occurrence In response to remote pro- 
gramming or other real-time environmental factors. 

In particular, an Illustrative embodiment ol the 
present invention could sense when baseband Interfer- 
ence was being induced In a device and adaptively 
change, using feed-back principals, the number and 
character of energy-reducing pulses so as to mitigate 
the interference. Advantageously, embodiments of the 
present invention select the number, duration, ampli- 
tude and occurrence of energy-reducing pulses so as to 
consume less power than a Greenstein radio. It should 
also be understood that embodiments of the present In- 
vention can be designed that consume more power than 
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a Greenstein radio. It will be clear to those skilled in the • 
art how, using well-known spectral analysis techniques, 
to choose these parameters to mitigate baseband inter- 
ference at a particular trequency or frequencies. 

When energy-reducing pulses are not radiated im- s 
mediately following or immediately preceding transmit- 
mode, embodiments of the present invention typically 
avoid the frequency sweep-through problem because 
the embodiment can first stop radiating, then re-tune, 
and then resume radiating. For example, the occurrence to 
of the first energy-reducing pulse is advantageously suf- 
ficiently after the end of the transmit mode to enable the 
radio to re-tune to the idle-mode channel while the em- 
bodiment is not radiating. 

In the illustrative embodiment, it is inconsequential '5 
whether there is any information content to the signal 
whose average RF power envelope forms an energy- 
reducing pulse. For example, an embodiment of the 
present invention can transmit in the idle-mode channel 
the informalion-bearing signal that was Iransmilled dur- 20 
ing the previous transmit mode, or, alternatively, it can 
transmit an unmodulated carrier. 

A plurality of embodiments of the present invention 
can contemporaneously radiate into the idle-mode 
channel, which reduces the amount of spectrum that is 25 
needed for the idle-mode transmissions. For example, 
all a wireless service provider need do is designate one 
channel across its entire system to function as the idle- 
mode channel. Thereafter the wireless service provider 
can program or remotely indicate to those time-division 30 
radios in its system that incorporate embodiments of the 
invention which are the idle-mode channel or channels. 
Advantageously, a time-division radio that embodies the 
present invention does not require any modification to 
the air interface of the current standard systems. Fur- 35 
thermore, wireless terminals incorporating embodi- 
ments of the present invention can operate with time- 
division systems that interact with wireless terminals 
that do not incorporate embodiments of the present in- 
vention. -^^ 

Figures 5a and 5b similarly depict the frequency 
and average RF power envelope for an embodiment of 
the present invention that is GSlVl compliant. Although 
a GSM compliant radio additionally frequency hops, it 
will be clear from the present disclosure to those skilled ^5 
in the art how to make and use a GSM compliant radio 
that embodies the present invention. Furthermore, ft will 
be clear from the present disclosure lo those skilled in 
the art how to make and use embodiments of the 
present invention that operate witfn other time-division so 
radios {e.g., TDD and TDMA/TDD). 

Fig. 7 depicts a block diagram of an illustrative em- 
bodiment of the present invention. As described above, 
time-division radio 700 shares a frequency channel, the 
"transmit-mode channel," with one or more other radios . 55 
(not shown), which may or may not also incorporate em- 
bodiments of the present invention. Time-division radio 
700 periodically cycles between (1) transmit mode. 



when an information-bearing signal is radiated in the 
transmit-mode channel, and (2) idle mode,, when noth- 
ing is radiated in the transnnit-mode channel, but one or 
more energy-reducing pulses are typically radiated in 
the idle-mode channel. 

Time-division radio 700 illustratively comprises con- 
troller 702, amplifier 706, modulator 710, amplifier 714, 
tap 716, antenna 716, carrier frequency generator 712, 
envelope detector 720 and analog-to-digital converter 
722. Controller 702 receives three inputs: (1 ) a transnnit/ 
idle-mode signal on lead 701 that indicates when tinne- 
division radio 700 is in transmit or idle mode, (2) a trans- 
mit-mode signal on lead 703, which is typically informa- 
tion-bearing (e.g., voice, data, etc.) and that is to be 
transmitted during transmit mode, and (3) a power-feed- 
back signal on lead 705 that monitors the radiated av- 
eraged RF power envelope. 

Controller702 feeds amplifier 706, which is typically 
a low-noise class A amplifier The gain of amplifier 706 
is advantageously variable and controlled by controller 
702. Amplifier 706 advantageously passes an output 
signal to modulator 710 where it modulates a carrier sig- 
nal received from carrier frequency generator 712. Car- 
rier frequency generator 712 generates a carrier with a 
frequency under the control of controller 702.. The mod- 
ulated signal output from modulator 7^10 is -ted into am- 
plifier 714 and to antenna 716, in well-known fashion. 
Tap 713 samples the signal fed to antenna 716 and 
feeds the samples to envelope detector 720, Envelope 
detector 720 feeds an output signal to A/D converter 722 
to provide a power feedback signal to controller 702. 

In operation, the transmit/idle signal establishes 
when time-division radio 700 is in transmit mode and 
when it is in idle mode. During transmit mode, controller 
702 passes the transmit-mode signal to amplifier 705. 
Controller 702 also causes earner frequency generator 
71 2 to output a carrier signal to modulator 710 that cor- 
responds to the transmit-mode channel for time-division 
radio 700. The modulated output of modulator 710 is 
amplified by amplifier 714 and transmitted by antenna 
716. 

During some or all of idle modes, controller 702 
causes time-division radio 700 to radiate one or more 
energy-reducing pulses in the idle-mode channel. Con- 
troller 702 determines lor e^h idfe mode, tJie number 
of energy- reducing puJses and their duration, amplitude 
and occurrence. Controller 702 also generates the idle- 
mode signal, whose average power envelope will form 
a pulse, and outputs the signal to amplifier 706. 

Controller 702 can, for example, vary the gain of 
amplifier 706 to establish the amplitude, occurrence and 
duration of the energy-reducing pulses. Alternatively, 
the idle-mode signal from controller 702 can comprise 
a series of pulses that establish the amplitude, occur- 
rence and/or duration of the energy-reducing pulses. 
Controller 702 also causes earner frequency generator 
712 to provide a carrier signal to modulator 710 that cor- 
responds to the (die-mode channel for time-division ra- 
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dio 700. 

Fig 9 depicts a block diagram of an embodiment of 
carrier frequency generator 712a for use with time-divi- 
sion radio 700 of Fig 7. Programmable synthesizer 902 
receives a signal that indicates whethertime-division ra- 
dio 700 is in transmit or idle mode. When time-division 
radio 700 is in transmit mode, programmable synthesiz- 
er 902 synthesizes a carrier in the transmit-mode chan- 
nel assigned to time-division radio 700. When, however, 
time-division radio 700 is in idle mode! programmable 
synthesizer 902 synthesizes a carrier with a frequency 
corresponding to the idle-mode channel. Oscillator 904 
provides a reference signal to programmable synthesiz- 
er 902. 

Fig. 10 depicts a block diagram of another embod- 
iment of a earner frequency generator 71 2b for use with 
time-division radio 700. Switch 1002 receives three sig- 
nals: (1 ) a control signal that indicates whether time-di- 
vision radio 700 is in transmit mode or idle mode, (2) the 
synthesized carrier in the Iransmil-mode channel as- 
signed to time-division radio 700 (from synthesizer 1 004 
and oscillator 1006), and (3) a carrier for the idle-mode 
channel from oscillator 1008. When time-division radio 
700 is in transmit mode, switch 1002 directs the carrier 
from programmable synthesizer 1 004 to modulator 71 0. 
When time-division radio 700 is in idle mode, switch 
1002 directs the carrier from oscillator 1006 to modula- 
tor 7 1 0. The illustrative embodiment in Fig. 10 is advan- 
tageous in that synthesizer 1004 need not be program- 
mable and oscillator 1008 can be relatively less precise, 
and hence relatively less expensive, than oscillator 
1006. 

Fig. 11 is a flow chart that depicts the operation of 
an illustrative embodiment of the present invention. The 
method begins at block 1100. At block 1101, a decision 
is made whether the TDMA radio is in transmit or idle 
mode. When the radio is in transmit mode, the method 
proceeds to block 1103 and radiates an information- 
bearing signal in the transmit-mode channel, which is 
time-shared with other TDMA radios. Control then re- 
turns to block 1101. 

At block 1101 , when the TDMA radio is in idle mode, 
the method proceeds to block 1105. At block 1105, the 
TDMA radio transmits at least one pulse in the idle- 
mode channel. As described above, the TDMA radio es- 
tablishes the duration, amplitude and occurrence of 
each pulse such that the pulses reduce the energy in 
the fundamental frequency component frequency of the 
average RF power envelope and the harmonics of the 
fundamental frequency. 

Although embodiments of the present invention 
have been described in detail, it is understood that var- 
ious changes, alterations and substitutions can be made 
hereto without departing from the spirit and scope of the 
present invention as defined by the appended claims. 
For example, embodiments of the present invention can 
be used with TDMA systems wherein more than three 
users share the same transmit channel. Additionally, the 



teachings of the present invention are applicable to a 
TDMA system that uses frequency hopping (e.g ... a 
GSM compliant wireless terminal). Furthermore, it will 
be clear to those skilled in the art how embodiments of 

5 the present invention can be made and used that use 
more than one transmit-mode channel and/or more than 
one idle-mode channel. And furthermore, the described 
embodiments may be incorporated into a wireless ter- 
minal with one or more other radios, which may be 

10 known as "dual-mode" or "tri-mode" wireless terminals. 



Claims 

1. A method for operating a time-division radio, the 
time-division radio cycling between transmit mode 
and Idle mode, said method CHARACTERIZED IN 
THAT: 

during at leasl one transmit mode, radiating an 
information-bearing signal in a transmit-mode 
channel: and 

during at least one idle mode, radiating at least 
one energy-reducing pulse in a idle-mode 
channel, the energy-reducing pulse having a 
duration less than the duration of the idle mode. 

2. The methodof claim 1, CHARACTERIZED IN THAT 
at least one energy-reducing pulse is radiated dur- 
ing every idle mode. 

3. The method of claim 2. CHARACTERIZED IN THAT 
the energy-reducing pulse reduces the energy in a 
fundamental frequency component of the average 
RF power envelope of the time-division radio. 

4. The method of claim 1. CHARACTERIZED IN THAT 
said step of radiating at least one energy-reducing 
pulse comprises the step of radiating at least one 
energy-reducing pulse with an average RF power 
amplitude that is greater than the average RF power 
amplitude of the information-bearing signal. 
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5. The methodof claim 1, CHARACTERIZED IN THAT 
45 said step of radiating at least one energy-reducing 

pulse comprises the step of radiating at least one 
energy-reducing pulse with an average RF power 
that is substantially equal to the average RF power 
of the information-bearing signal. 

50 

6. The methodof claim 1. CHARACTERIZED IN THAT 
said step of radiating at least one energy-reducing 
pulse comprises the step of radiating at least one 
energy-reducing pulse with an average RF power 

55 that is less than the average RF power of the infor- 
mation-bearing signal. 

7. The methodof claim 1. CHARACTERIZED IN THAT 
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at least two temporally distinct energy-reducing 
pulses are radiated during one idle nnode. 

8. The method of claim 7. CHARACTERIZED t N THAT 

the two temporally distinct energy-reducing pulses s 
have different average RF power amplitudes. 

9. The methodof claim 7. CHARACTERIZED IN THAT 
the two temporally distinct energy-reducing pulses 
have different durations. 

10. The method of claim 1 , CHARACTERIZED I N THAT 
aid step of radiating at least one energy-reducing 
pulse during said idle mode comprises radiating en- 
ergy-reducing pulses with different occurrences '5 
during at least two successive idle modes. 
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